According to currently available seismicity catalogues, seismicity (for example, the number of events with Ms --> 8) around the turn of the century, from 1897 to 1906, was significantly higher than in recent years. However, the magnitudes of the earthquakes which occurred during this period were determined by Gutenberg, who used the records obtained by the undamped Milne seismograph with the assumption that the effective magnification is 5. Because of saturation of the Milne seismogram for very large events used by Gutenberg for calibration, the gain (--5) used by Gutenberg could have been underestimated, and therefore the magnitude overestimated. Because of the lack of damping, the magnification of this instrument needs to be calibrated carefully. In order to calibrate the instrument response, a Milne seismograph was constructed and has been in operation side by side with damped seismographs at Pasadena. Eleven events have been recorded since February 1977. On the basis of (1) comparison of the amplitudes measured on the Milne seismograms with those of the standard seismograms, (2) numerical experiments simulating the response of the Milne seismographs to surface waves, and (3) examination of Gutenberg's original materials used for the calibration, we conclude that the average effective gain is as large as 20 for very large earthquakes, resulting in systematic reduction of the magnitude of up to 0.6. This reduction is large enough to suggest that the turn-of-the-century seismicity peak is of marginal significance.
In order to determine the magnitude the gain of the seismograph must be known. The Milne seismograph that Gutenberg [1956a] used is an undamped system, and its effective magnifi- [ Gutenberg, 1956a, b] , there is no fundamental difference whether rn or M, is used. An illustrative example for the 1906 San Francisco earthquake is given by Gutenberg [1956a] . The values of rn and M, for these 16 events are listed by Gutenberg [1956a] and Richter [ 1958] , respectively. A is the distance, and •4 is the amplitude of the ground motion, in microns, calculated from the maximum trace amplitude on the Milne seismograms with the assumption that the magnification is 5. Table A-3 (see also Table A Another uncertain element is the actual damping constant of the Milne seismograph. Although the Milne seismograph has no special damping mechanism, slight damping is caused either by solid friction at the pivot and/or viscous friction due to air. Unfortunately, the damping characteristics of the original Milne seismographs are not described in the literature in detail. According to Walker [1913, p. 22 ] the damping constant h is 0.0257 (E -1.084, Q = 19.5), and Knott [1908, p. 81] noted that the Milne seismograph at Edinburgh had h = 0.0683 (E = 1.24, Q = 7.32). Our Pasadena Milne seismograph, when it was initially built, had very little damping, h = 0.014 (E = 1.05, Q --35). In order to increase the damping to that described by Walker [1913] and Knott [1908] , we had to add a very weak magnetic damper to the seismograph boom. The damping constant of the Pasadena Milne seismograph with the magnetic damper is h = 0.05 (E --1.17, Q -10). If the damping of the original instrument was mainly due to solid friction at the pivot, damping characteristics cannot be described by the damping constant h. In this case, h should be considered the effective damping constant that approximates the actual damping characteristics. The reason why the Pasadena Milne seismograph without a damper had much smaller damping than the original instrument is not clear. One possibility is that the Pasadena Milne seismograph has a pivot made of hardened steel and sapphire, while the original instrument probably had a pivot made of hard metals.
In any case, if h is smaller than 0.1, the magnification is significantly larger than the static magnification over a period range shorter than 25 s, as shown in Figure 4 . Since the average static magnification is 6, it is difficult to understand why Gutenberg obtained an effective gain as low as 5. As will be shown later, the damping has a very large effect on the effective magnification. When h was increased from h -0.016 (E = 1.05, Q --32) to h --0.058 (E -1.2, Q = 8.6), the effective gain was reduced by approximately a factor of 2. Since installation of the Pasadena Milne seismograph was completed we have recorded 11 large events listed in Table 2 . An example is shown in Figure 5 . In the table the 
Here Q(A) is the Q function determined by Gutenberg [1945] . Ms.,* defined by (3) can be calculated directly from the record and can be regarded as the magnitude when the effective gain is assumed to be unity. The values of Ms.,* are listed in Table  2 . In order to adjust the difference between the average static magnification of the Milne seismographs which were in use around the turn of the century (x6.0) and that of the Pasadena Milne seismograph (x4.5), the values of A, in Table 2 Table 2 are inevitably biased toward oceanic paths and smallmagnitude events. In order to supplement the data we made numerical experiments by using the surface wave signals recorded at Pasadena.
NUMERICAL EXPERIMENTS
In order to investigate the overall response of the Milne seismograph we calculated synthetic seismograms which would be recorded by the Milne seismograph by using the observed surface wave ground motion as the input. We chose 10 large events listed in Table 3 . We used surface wave records obtained by a vertical component of short-period Benioff seismograph (pendulum period, 1 s; galvanometer period, 0.2 s) and deconvolved them by using the instrument response to obtain ground motions. Then we convolved them with the instrument response of the Milne seismograph to obtain synthetic seismograms. We assumed that the amplitude of the horizontal component is 70% of that of the vertical component. As shown in Figure 7 , the amplitude of the synthetic seismograms depends on the damping of the instrument. We chose the instrument constants to be the same as the average values given in Table A- illustrate the difficulties of using undamped instruments for the amplitude measurement. For a prolonged wave train caused by dispersion along oceanic paths (Solomon Island, Figure 7a ; and New Hebrides, Figure 8a ) the amplitude of the synthetic seismograms becomes very large owing to resonance. However, for wave trains with relatively short duration (for example, central Chile, Figure 8b ) the growth of the amplitude is relatively modest. Thus it is not surprising that the effective gain varies very much according to the path. The values of Mr,,* and Ms determined at Pasadena with damped seismographs are plotted in Figure 6 . Again, the effective magnification is larger than 5 in all cases. The average of the effective gain G is 20.9.
THE EFFECTIVE GAIN OF THE MILNE SEISMOGRAPH
As shown by Figure 6 Table 3 Table 4 . Theoretically, should agree with M, but our calculations showed that M is consistently larger than Mr*. This difference is due to the fact that Gutenberg [1956a] always rounded off the hundredths digit and raised the tenths digit by I (for example, 7.82 to 7.9). Also, small roundoff errors resulted from conversion of rn to M.
For many events in 1897, only one or two stations were available for the magnitude determination. The results for these events are very unreliable and are in the parentheses in Table 4 . Apparently, Gutenberg [1956a] assigned the magnitude to these events on his own judgments. The average number of stations used for the calculation of Mr* in Table 4 Table 4 are meaningful.
We then converted Mr* to Mr by using the relation given by the solid line in Figure 2 . This Mr scale can be considered to be identical to that defined originally by Gutenberg [1945] . From Table 4 While studying Gutenberg's original work sheets for the 1956 paper, we found additional data for 49 events, some of which were mentioned in the 1956 paper. We determined Mr for these events by using the method described above. The results are listed in Table 5 . The amplitude and magnitude data for major earthquakes listed in this table are given in Table A-5 (see also Table A -2, microfiche appendix). As mentioned earlier, the results for the 1896 and 1897 events are very uncertain.
CONCLUSION
Because of saturation of the Milne seismograms for very large events used by Gutenberg [1956a] for calibration, we suspect that the gain (--5) used by Gutenberg [1956a] is underestimated and therefore the magnitude overestimated. Our experiments using a newly constructed Milne seismograph as well as the numerical experiments using observed surface waves suggest that the effective gain can be as large as 20. Because of the unknown damping characteristics of the original Milne seismograph, we could not make definitive calibration of the instrument. However, it is almost certain from Figure 2 that the magnitudes of earthquakes larger than Mr --7.7 listed by Gutenberg [1956a] were considerably overestimated, in the extreme case by as much as 0.6 (--log (20/5)). Assuming that the correction increases linearly from 0 to 0.6 as Mr increases from 7.7 to 8.7, we corrected Mr* (surface wave magnitude 
